The nanocrystalline NiFe 2 O 4 particles prepared by solution combustion synthesis technique using different fuels such as ethylene-diamine-tetra-acetic acid (NA sample) and urea (NB sample) were studied using magnetic measurement and 57 Fe Mössbauer spectroscopy with a high velocity resolution. The temperature dependence of magnetization is different for the two samples. Mössbauer spectra demonstrate the necessity to use more than two magnetic sextets, usually used to fit the NiFe 2 O 4 nanoparticles spectra. Evaluation of the different local microenvironments for Fe in both tetrahedral (A) and octahedral (B) sites, caused by different Ni 2+ occupation of octahedral sites, demonstrates at least five different local microenvironments for both A and B sites. Therefore, the Mössbauer spectra were fitted by using ten magnetic sextets which are related to the spread 57 Fe location in octahedral and tetrahedral sites. 
Introduction
It is well-known that among the spinel ferrites, NiFe 2 O 4 nanoparticles applied in information storage, microwave devices, spintronics, magnetic resonance imaging, have been recently identified, as the suitable electrodes for Li-ion batteries and supercapacitors. NiFe 2 O 4 has inverse spinel structure in which Ni 2+ cations occupy octahedral (B) sites and Fe 3+ cations occupy both B and tetrahedral (A) sites. It is well-known that cation distribution affects the physical, chemical and electrochemical properties of this material. Therefore, Mössbauer spectroscopy (MS) is a very useful tool for studying these materials. Previous studies of NiFe 2 O 4 nanoparticles using MS demonstrated that the spectra consisted of two magnetic sextets with magnetic hyperfine fields around 500-550 kOe for the 57 Fe in B sites and 480-510 kOe for the 57 Fe in A sites [1] [2] [3] [4] . The isomer shift of the 57 Fe in the B sites is larger than that in the A sites. Taking into account advances of MS with a high velocity resolution [5] , we studied two different samples of NiFe 2 O 4 nanoparticles, by using this MS technique combined with magnetic measurements.
Experimental
Samples of NiFe 2 O 4 nanoparticles were synthesized by solution combustion synthesis technique using 2.45 g of Ni(NO) 2 ·6H 2 O, 6.89 g of Fe(NO) 3 ·9H 2 O and 2.49 g of EDTA (C 10 H 16 N 2 O 8 ). EDTA was used as fuel and the oxidant/fuel ratio was maintained as 1. The precursors were dissolved in double distilled water and the pH was adjusted to 7 by an addition of ammonia solution. The solution was heated on hot plate. Initially, the temperature was maintained below 100
• C for dehydrate the solution. After that, the temperature was suddenly increased up to 300
• C and an auto-ignition took place with evolution of gases. The collected samples were calcinated at 800
• C for 5 h. The same synthesis procedure was repeated with urea (CH 4 N 2 O) instead of EDTA. The NiFe 2 O 4 particles were prepared by different fuels such as EDTA and urea are named as NA and NB, respectively. These samples were characterized by X-ray diffraction (XRD) using Powder Xray diffractometer PANalytical X'pert PRO with CuK α radiation, scanning electron microscopy (SEM) using Quanta 200 with energy dispersion spectroscopy (EDS) and transmission electron microscopy (TEM) using JEM 2011. Magnetic measurements were carried out using commercial SQUID magnetometer MPMS-5S (Quantum Design). Mössbauer spectra were measured in 4096 channels by using an automated precision Mössbauer spectrometric system, built on the base of the SM-2201 spectrometer, with a high velocity resolution. The detailed characteristics of equipment and the spectra fit are given elsewhere [5, 6] . The temperature dependence of magnetization of NA and NB samples appears to be different although measured under the same conditions (Fig. 2) . For NA the gradual decrease of the moment with temperature is readily observed. Whereas for NB, first the magnetization increases up to ∼100 K and then decreases with temperature. This difference may be a result of different nanoparticles size and shape magnetic anisotropy, and more studies are needed to clarify its source.
Mössbauer spectra of the NA and NB samples are shown in Fig. 3 . These spectra look like spectra of similar compounds and visually consist of two sextets. However, the fit using two sextets was not good (see differential spectra for utmost sextet peaks from the NA spectrum fit using two sextets and inserted in Fig. 3a) and showed the necessity of more components. Therefore, we evaluated the probabilities of various Ni 2+ numbers in the local environment of the A and B sites of the NiFe 2 O 4 unit cell, within the spheres with a radius of 3.5 Å for both samples. Histograms of the calculated probabilities are shown in Fig. 4 . On the basis of calculated probabilities (≥0.05) we take into account at least 5 magnetic sextets for each A and B sites. The results of the spectra fit using 10 sextets are shown in Fig. 3 . It is clearly seen much better differential spectra in both fits. hyperfine field on the 57 Fe, we can relate each sextet to the number of Ni 2+ cations in the local microenvironment shown in Fig. 4 . The histograms of relative areas of the components related to the A and B sites in both NA and NB samples are shown in Fig. 5 . Thus, for the A site the largest value of H eff can be related to two Ni 2+ cations while the smallest value of H eff can be related to six Ni 2+ cations in the local microenvironment. In the case of the B sites the largest value of H eff can be related to one Ni 2+ cation while the smallest value of H eff can be related to five Ni 2+ cations in the local microenvironment. The total relative areas for the components related to the A and B sites were ∼49% and ∼51% and ∼47% and ∼53% for the NA and NB samples, respectively, which corresponds to samples stoichiometry.
Conclusion
Study of two different samples of NiFe 2 O 4 nanoparticles using Mössbauer spectroscopy with a high velocity resolution demonstrated variations in 57 Fe microenvironments in both octahedral and tetrahedral sites, dependent on Ni 2+ occupation numbers of octahedral sites. These variations were evaluated by calculations of different Ni 2+ probabilities in the occupation of octahedral sites. Some variations in the Mössbauer parameters and different magnetization curves were obtained for the NA and NB samples. However, further investigations are required.
